Delirium is an acute and usually transient severe neuropsychiatric syndrome associated with significant long-term physical morbidity. However, its chronic psychiatric sequelae remain poorly characterized. To investigate the prevalence of psychiatric symptoms, namely anxiety, depressive, and posttraumatic stress disorder (PTSD) symptoms after delirium, a systematic literature search of MEDLINE, EMBASE and PsycINFO databases was performed independently by two authors in March 2016. Bibliographies were handsearched, and a forward-and backward-citation search using Web of Science was performed for all included studies. Of 6411 titles, we included eight prospective cohort studies, including 370 patients with delirium and 1073 without delirium. Studies were heterogeneous and mostly included older people from a range of clinical groups. Consideration of confounders was variable. The prevalence of depressive symptoms was almost three times higher in patients with delirium than in patients without delirium (22.2% vs 8.0%, risk ratio = 2.79; 95% confidence interval = 1.36-5.73). There was no statistically significant difference between the prevalence of anxiety symptoms between patients with and without delirium. The prevalence of PTSD symptoms after delirium was inconclusive: only one study investigated this and no association between PTSD symptoms after delirium was reported. There is limited published evidence of the prevalence of psychiatric symptoms after non-ICU delirium and the strongest evidence is for depressive symptoms. Further longitudinal studies are warranted to investigate the prevalence of anxiety and PTSD symptoms.
INTRODUCTION
Delirium is a serious, potentially preventable neuropsychiatric syndrome with the hallmark features of acute onset and fluctuating course, inattention, cognitive dysfunction, altered level of arousal, and psychosis. It typically occurs in association with an underlying medical condition and is especially prevalent among hospitalized elderly patients, complicating one in five hospital admissions. 1 Delirium has enduring adverse effects including increased length of hospital stay, significant healthcare costs, elevated physical morbidity and mortality, 2 and accelerated cognitive decline. 3 While the adverse physical and socioeconomic outcomes of delirium are well-documented, the prevalence of psychiatric symptoms and possible psychiatric morbidity after delirium are poorly characterized. An appreciation of psychiatric outcomes after delirium is of substantial clinical relevance. The recognition of psychiatric symptoms and subsequent prompt treatment of psychiatric disorders after delirium could ultimately improve outcomes and enhance patient well-being. Understanding that delirium may be associated with psychiatric symptoms that reflect the presence of underlying psychopathology, particularly depressive disorders, could provide an opportunity to modify the risk of cognitive decline associated with delirium and alter its clinical trajectory. 4 However, existing reviews investigating psychiatric symptoms after delirium have been largely limited to intensive care unit (ICU) patients, 5 with none exclusively in non-ICU populations. A 2008 review by Davydow evaluated empirical studies investigating psychiatric symptoms after delirium, including anxiety, depression, and post-traumatic stress disorder (PTSD), and concluded that psychiatric symptoms, particularly depression, were prevalent after delirium. 6 Nelson et al. performed a review of empirical studies investigating depressive symptoms before, during, and after the resolution of a delirium episode; their review also suggested an association between delirium and depressive symptoms that followed. 7 This systematic literature review differs from the one by Nelson et al. in that a wider evaluation of psychiatric symptoms after delirium is explored. It also updates the literature since Davydow's earlier review of the prevalence of psychiatric symptoms after delirium.
The aim of this systematic review was therefore to provide a contemporary and robust synthesis of all existing literature investigating the prevalence of psychiatric symptoms, particularly anxiety, depressive, and PTSD symptoms, in patients across a range of adult patient populations outside the ICU.
METHODS

Search strategy
A systematic literature search using a comprehensive text-word and MeSH-based electronic search of MEDLINE, EMBASE, and PsycINFO was devised in collaboration with a librarian with expertise in search strategies. The aim was to identify articles investigating the prevalence of anxiety, depressive, or PTSD symptoms after non-ICU delirium. Two authors (CL and DS) performed searches on 18 March 2016 and independently screened the titles/abstracts and extracted data from included articles. Any discrepancy or uncertainty between the two authors regarding the eligibility of a study was discussed with a third author (TR or AM) until a consensus was reached. The search was limited to papers written in English. Search terms included 'delirium' or 'acute confusion', 'depression' or 'major depressive disorder', 'anxiety', and 'post-traumatic stress disorder' or 'PTSD'. A full search strategy is provided in Appendix S1. Bibliographies of included articles were handsearched, and a forward-and backward-citation search using Web of Science was performed for all included studies. A protocol was not registered on PROSPERO but was written by one author (CL) before performing literature searches and data extraction and analysis (Appendix S2).
Study selection
All prospective cohort studies that included an assessment of depressive, anxiety, and/or PTSD symptoms in patients who had relevant symptoms or the full syndrome of delirium at baseline were eligible for inclusion. Studies in which both delirium and psychiatric symptoms were ascertained by face-to-face clinical instruments were included. Works were excluded if they were cross-sectional or case-control studies, literature reviews, meta-analyses, conference proceedings (i.e. conference abstracts), case reports, letters, or studies conducted in ICU or paediatric populations. Studies carried out in paediatric populations were excluded to limit heterogeneity. Studies in which delirium occurred secondary to alcohol or drug withdrawal were also excluded.
Data extraction and synthesis
A structured pro forma was used for data extraction and recording study cohort characteristics; length of follow-up; delirium measures; measures of depressive, anxiety, and/or PTSD symptoms; and their relationships with delirium (Appendix S3). Where necessary, authors were contacted for further data.
Assessment of study quality Two authors (CL and DS) used the Risk of Bias Assessment Tool for Non-Randomised Studies to independently assess the risk of bias for all studies that fulfilled the inclusion criteria. 8 Any disagreements between authors were resolved by discussion until a consensus was reached. Six domains were considered for each study: (i) the selection of participants; (ii) confounding variables; (iii) measurement of exposure; (iv) blinding of the outcome assessments; (v) incomplete outcome data; and (vi) selective outcome reporting. Each domain was categorized as having a low, high, or uncertain risk of bias (Appendix S4).
Calculation of summary statistics
Where data were available, the prevalence of psychiatric symptoms after delirium across studies was determined firstly by calculating the total number of delirious participants with the psychiatric outcome of interest. This figure was then divided by the sum of participants with delirium in the studies. A confidence interval was then calculated using REVIEW MANAGER v. 5.3 (The Nordic Cochrane Centre, Copenhagen, Denmark).
INVESTIGATING THE PREVALENCE OF PSYCHIATRIC SYMPTOMATOLOGY AFTER DELIRIUM
Search results
From 6411 records, eight articles describing eight unique patient populations were included in the review as depicted by the Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow chart (Fig. 1) .
Study characteristics
Delirium prevalence ranged from 11.3% to 100%.
9-11
Study characteristics and summaries of the eight articles are presented in Tables 1 and 2 . Four studies were carried out in the USA, [10] [11] [12] [13] and one each was carried out in Sweden, 14 the Netherlands, 15 the UK, 16 and Canada. 9 Subjects were mostly aged 80 and over. patients with femoral neck fractures, 14 older patients after acute hospital admission, 16 and elderly individuals residing in longterm care. 9 There was no difference in age or sex between people with and without delirium in the five studies that reported this (305 patients with delirium, 830 patients without delirium). [12] [13] [14] [15] [16] In one study, those with delirium were older (mean AE SD: 83.0 AE 7.1 vs 80.0 AE 7.4 years, P < 0.004). 12 Three studies did not report baseline differences. Only three studies compared the prevalence of depression, anxiety, or PTSD at baseline between patients with and without delirium: one found higher rates of depression in patients with delirium and two reported no difference (P = 0.029).
14-16
Two studies screened for a history of previous psychiatric illness. 11, 17 Seven studies screened for existing dementia or cognitive impairment.
9-12,14-17
Delirium group sample sizes ranged from 23 to 107, amounting to a total of 370 patients with delirium. Non-delirious group sample sizes ranged from 0 to 590, 10, 12 amounting to a total of 1073 patients 
12
Elderly individuals who suffered from delirium reported an increased burden of depressive symptoms, which persisted for up to 2 years after resolution of delirium episode, relative to nondelirious controls. Patients who had experienced delirium were 1.5 times more likely to demonstrate depressive symptoms at follow-up compared to controls, Olofsson et al.
14 Individuals who suffered from delirium reported significantly more depressive symptoms at the 4-month follow-up relative to controls as reflected by higher mean GDS AE SD scores (4.8 AE 3.4 vs 2.2 AE 1.5, P = 0.001). Lenze et al.
11
Delirium was associated with a greater burden of depressive symptoms during all follow-up periods, but this did not equate to a diagnosis of major depressive disorder (P = 0.09). McCusker et al. Delirium was correlated with the development of depression in elderly patients free of depressive symptoms at baseline, but this trend did not achieve statistical significance (HR = 1.18, 95% CI = 0.37-3.38). Depression and anxiety Whittamore et al. No statistically significant relationship was found between delirium and anxiety symptoms as determined by SCL-90 scores at both 6 months (P = 0.20) and 1 year (P = 0.17). Delirium was not correlated with depressive symptoms at 6 months (P = 0.09) but was significantly associated with depression at 1 year (P = 0.03). Slor et al.
15
Patients who had suffered from delirium reported more depressive symptoms as assessed by GDS at 3 months relative to nondelirious controls (mean AE SD: 4.9 AE 3.4 vs 3.0 AE 2.7, P = 0.03). Patients with and without delirium did not differ with respect to a diagnosis of depression as assessed by MINI (P = 0.48, RR = 1.61; 95%CI = 0.49-5.25). In-hospital delirium was not associated with increased HADS-A scores for anxiety (mean AE SD: delirium 11.7 AE 3.9 vs non-delirium 10.5 AE 3.0, P = 0.23) or PTSS-10 scores for PTSD (mean AE SD: delirium 19 AE 5.3 vs non-delirium 17.8 AE 5.3, P = 0.27). Patients with and without delirium did not differ as regards to a diagnosis of anxiety (RR = 1.35; 95%CI = 0.09-20.31) or PTSD. (RR was not calculable because no diagnoses of PTSD were made.) from 11.3% to 62%. 9, 14 Only one study diagnosed delirium through application of DSM-III criteria using a semi-structured interview. 10 The variation in study methodologies is therefore unlikely to account for the disparity observed in delirium prevalence. Psychiatric assessment of anxiety, depression, and PTSD was performed using several methods including clinical interviews and validated symptom scales. Clinical interviews are widely recognized as being superior to symptom scales in the evaluation of psychopathology. 17 One study assessed psychiatric symptoms using the Mini-International Neuropsychiatric Interview in accordance with DSM-IV criteria. 15 Symptom checklists included the Brief Psychiatric Rating Scale, 6 Symptom Checklist-90, 10 Center for Epidemiologic Studies Depression Scale, 12 Primary Care Evaluation of Mental Disorders, 9 Hamilton Rating Scale for Depression, 10 Geriatric Depression Scale, 14, 15 Cornell Scale for Depression in Dementia, 11 Hospital Anxiety and Depression Scale, 15 Post-Traumatic Stress Symptom Scale, 15 Neuropsychiatric Inventory Questionnaire, 16 and Symptom Checklist-90-Revised. 13 Two studies used a non-validated PTSD scale. 6, 10 The prevalence of psychiatric symptoms after delirium varied widely from 8.8% to 46.7% for depression and 3.7% to 8.8% for anxiety.
14,16
Association between delirium and subsequent psychiatric symptomatology The available literature suggests that delirium may predispose individuals to future psychiatric symptoms, which may indicate underlying psychopathology, particularly depressive symptoms. However, the extant literature investigating symptoms of anxiety, depression, and PTSD after non-ICU delirium is small: only eight articles describing eight unique patient populations were identified (Table 1) , including a total of 370 patients with delirium. In addition, high-quality studies investigating psychiatric symptoms after delirium are particularly lacking. The majority of studies demonstrated a high risk of bias, particularly with respect to failure to control for confounding variables such as existing psychiatric symptoms at initial assessment and lack of blinding of outcomes at follow-up intervals. Eight studies aimed to explore the association between delirium and depressive symptoms that followed. The prevalence of depressive symptoms after delirium was 22.2%, and the prevalence of symptoms of depression in those without delirium was 8.0% ((RR) = 2.79; 95% confidence interval (CI) = 1.36-5.73). No studies attempted to relate depressive symptoms to the subtype, severity, or duration of delirium. Five studies demonstrated a statistically significant relationship between delirium and subsequent depressive symptoms that persisted for up to 2 years after resolution of delirium. [10] [11] [12] [13] [14] One study reported a trend between delirium and depressive symptoms in elderly individuals residing in longterm facilities. 9 A similar proportion of elderly individuals both with and without delirium developed depressive symptoms after acute hospital admission. Therefore, the contribution of delirium in mediating new psychiatric symptoms is unclear. 16 Four studies examined the relationship between delirium and symptoms of anxiety. 10, 13, 15, 16 The average prevalence of anxiety symptoms after delirium was 7.8% at follow-up assessment, and the prevalence of anxiety was 5.5% in those without delirium (RR = 1.42, 95%CI = 0.45-4.47). A proportion of elderly patients admitted to hospital developed new anxiety symptoms regardless of delirium status. No statistically significant relationship between symptoms of anxiety and delirium was reported by the four studies included in this review. Three studies explored the prevalence of PTSD symptoms after delirium. 10, 13, 15 Two were excluded because of use of a non-validated screening tool to assess the severity of PTSD symptoms. 10, 13 One study reported that out of 23 patients diagnosed with delirium, no individuals developed symptoms of PTSD at follow-up as assessed by the MiniInternational Neuropsychiatric Interview.
15
Follow-up periods Follow-up periods from delirium episode to psychiatric assessment varied from 2 weeks to 2 years. None of the studies included in this review performed a blinded assessment of psychiatric morbidity after delirium at follow-up.
EVALUATION OF THE LITERATURE
The available literature suggests that delirium may predispose individuals to future psychopathology, particularly depression, but the literature is small, heterogeneous, with limited consideration of potential confounding factors. In total, 24 of 108 patients with delirium demonstrated depressive symptoms, whereas 9 of 113 non-delirious individuals displayed symptoms of depression. Five studies demonstrated a statistically significant relationship between delirium and increased burden of depressive symptoms. [11] [12] [13] [14] [15] One study reported a correlation between delirium and depressive symptoms that followed in elderly individuals residing in long-term care. 9 Depressive symptoms were reported in elderly individuals after acute hospital admission irrespective of baseline delirium status. 16 Four studies examined the relationship of delirium to increased anxiety symptoms. The prevalence of anxiety symptoms after delirium was low, and no statistically significant relationship was reported. A proportion of elderly individuals admitted to hospital developed new anxiety symptoms regardless of delirium status. 16 Anxiety is prevalent in the elderly, and the increased symptoms observed could plausibly also be attributed to the stress of hospitalization, existing medical comorbidities, and cognitive impairment and dementia. 18 The prevalence of symptoms of PTSD after delirium remains inconclusive. Only one study of 23 patients with delirium in this review investigated PTSD symptoms after delirium. No association between delirium and symptoms of PTSD after delirium was reported. The prevalence of PTSD symptoms after delirium has been more closely studied in ICU inpatients, and a recent report identified postoperative delirium as a risk factor for PTSD symptoms in elderly surgical patients who were admitted to ICU. 19 Despite both studies assessing postoperative delirium as a risk factor for PTSD symptoms in elderly surgical patients, variations in baseline patient characteristics between studies may be pertinent. Postoperative delirium emerged as a PTSD risk factor in surgical patients with a median age of 67 years, 20 but this was not reported in elderly hip fracture patients with a mean age of 84.3 years. 13 Advanced age may be protective against PTSD. 20 To our knowledge, only one literature review by Davydow in 2008 has investigated a range of psychiatric symptoms and possible underlying psychopathology after delirium across a variety of patient populations. 6 The author concluded that delirium is associated with considerable psychiatric symptoms, particularly depression. The present literature review included four of the same articles included in the previous review. [10] [11] [12] 14 We have additionally identified four new studies investigating psychiatric symptoms after delirium, which suggest that delirium may be associated with an increased prevalence of psychiatric symptoms, particularly symptoms of depression. 9, 13, 15, 16 This finding is supported by a recent review that solely examined depressive symptoms in patients before, during, and after delirium. 7 We identified four of the same studies from that article, but this review incorporated a wider evaluation of psychopathology and psychiatric symptoms after delirium, including depression, anxiety, and PTSD. 9, [12] [13] [14] This review had some limitations. Our search was limited to studies published in English. Additionally, the studies were too heterogeneous to permit metaanalysis.
The studies identified demonstrated considerable heterogeneity in patient cohorts, follow-up periods, and methodologies. In addition, the number of studies meeting inclusion criteria was small, and studies were carried out in specific populations, limiting the generalizability of the findings. Methods of psychiatric assessment were diverse: most studies used psychiatric questionnaires to assess symptoms, but the questionnaires used varied considerably. Only one study carried out a DSM-IV diagnostic criteria-based interview in addition to a questionnaire. 15 While symptom checklists provide an objective symptom evaluation, assessments are brief and may not accurately reflect the severity of existing psychopathology. Inclusion and exclusion criteria varied between studies. Only two studies excluded patients with dementia or cognitive impairment. 10, 16 Dementia and depression are frequently comorbid in the elderly, 21 and differentiating between the two conditions presents diagnostic challenges as there is considerable symptom overlap. Dementia may mimic depression, and consequently, depression can be misdiagnosed as dementia. 22 Thus, determining whether delirium results in new depressive psychopathology in dementia patients is challenging, and there may be confounding. Reliably ascertaining whether delirium resulted in new psychopathology was challenging. Six studies evaluated psychiatric symptoms at admission, [9] [10] [11] [14] [15] [16] and only two studies screened for previous psychiatric illness. 10, 16 Depression Psychiatric symptoms after delirium constitutes a risk factor for delirium, 21 and thus, assessing whether delirium resulted in an increased burden of psychiatric symptoms is difficult to elucidate. In addition, failure to gain informed consent to participate in studies from delirious patients who lack capacity may introduce an element of bias into the results; this may exclude a population of patients who may later develop psychiatric complications after delirium. Also, the high mortality associated with delirium may mean that patients with an increased burden of psychiatric symptoms and possible psychopathology after delirium may have died before follow-up assessment was performed. Therefore, such patients may not be included in the evaluation of psychiatric symptoms after delirium. Nevertheless, this review demonstrated that studies assessing the prevalence of the psychiatric symptoms and possible psychiatric morbidity after delirium across a spectrum of patient populations are lacking. It is hoped that the findings of this review will provide an evidence base for future research into this increasingly important yet under-researched issue.
Follow-up periods and methods of psychiatric assessment in included studies were heterogeneous. Greater methodological consistency would allow for more meaningful integration of data. Furthermore, assessment of psychiatric symptoms and possible psychiatric morbidity should be performed at baseline and at consistent and frequent intervals; symptoms should be evaluated monthly and for at least 2 years to gain a more accurate appreciation of the evolution of incident psychopathology after delirium. Future studies should also consistently use a control group of patients without delirium to compare the prevalence of psychiatric symptoms at follow-up assessment between cohorts.
Depressive symptoms are common in hospital inpatients without delirium, 23 and the prevalence of prior psychiatric illness including dementia is high. 24 It is essential that studies consider the presence of prior psychiatric illness including depression, anxiety, and dementia. Indeed, it is increasingly recognized that the course of many psychiatric disorders, including anxiety and depression, are frequently protracted and recurrent in nature; this may confound any observed relationship. 25 Evaluation of psychiatric symptoms that may reflect possible psychiatric morbidity after delirium should be performed for longer time intervals to appreciate if psychiatric symptoms persist after resolution of the delirium episode. Future studies should use clinical expertise to conduct diagnostic interviews, in addition to psychiatric questionnaires, to provide a more accurate symptom evaluation to truly appreciate the prevalence of psychiatric symptoms after delirium. Assessment of psychiatric symptoms and statistical analysis of data should also be performed blinded to delirium status. None of the studies included in this review attempted to relate the prevalence of psychiatric symptoms to delirium subtype, severity, or duration. Additionally, no studies considered the underlying aetiology of the delirium episode. The majority of studies were singlecentre and carried out in specific patient populations with relatively small delirium population sample sizes. Future longitudinal, multicentre studies carried out in diverse and larger patient populations are necessary.
CONCLUSIONS
This review identified that research into psychiatric symptoms after non-ICU delirium is limited, but there may be an increased burden of psychiatric symptoms after delirium, particularly depressive symptoms. The clinical implications of these findings are significant: clinicians from all specialties should be aware that psychiatric symptoms and possible psychiatric morbidity, especially depression, are common after delirium, necessitating thorough assessment and potential treatment. This is of fundamental clinical importance as more effective identification of psychiatric symptoms and management of these conditions may alter the clinical trajectory of the disorder, improving patient outcomes and perhaps modifying the risk of cognitive decline.
